Introduction
Myotonic dystrophy is the most common form of muscular dystrophy in adults and is characterized by cardiac conduction abnormalities with various other comorbidities. [1] [2] [3] Type 1 myotonic dystrophy (DM1), also known as Steinert's disease, is inherited through an autosomal dominant pattern, presenting with myotonia and distal muscle weakening. DM1 is associated with conduction abnormalities
Learning points
• Ventricular tachycardia is an important arrhythmia in patients with type 1 myotonic dystrophy.
• Ventricular arrhythmias can account for the increased risk of sudden cardiac death in these patients.
• Appropriate use of device therapy coupled with effective pharmacological therapies is important interventions.
. and left ventricular (LV) dysfunction at a greater frequency and prevalence than type 2 myotonic dystrophy. 4 We describe the presentation and outcome of malignant ventricular arrhythmias in a cohort of patients with DM1 as a basis for the increased risk of sudden cardiac death (SCD) in this vulnerable patient population.
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Timeline
Case presentation
Case 1
A 44-year-old female DM1 patient, with a mild dilated cardiomyopathy (DCM), a left bundle branch block (LBBB), and associated LV systolic dysfunction had a dual-chamber pacemaker implanted for secondary prophylaxis ( Table 1) . This patient had an episode of syncope witnessed by her husband who immediately performed cardiopulmonary resuscitation; she regained consciousness during chest compressions. Subsequent device interrogation demonstrated sustained, rapid, and polymorphic ventricular tachycardia (VT) at the time of her event ( Figure 1A) . Physical examination showed a blood pressure of 101/54 mmHg, and a heart rate of 67 b.p.m. She had normal heart sounds, with no S3 or S4, or murmurs; jugular venous pressure (JVP) was not elevated. The patient was independently ambulatory, though reported occasional falls and chronic fatigue. She complained of myotonia in the hands and feet as well as frequent leg cramps. She had distal muscle weakness with myotonia. An echocardiogram indicated global hypokinesis, mild ventricular dilation, and a mild reduction in LV systolic function ( 
Case 3
A 49-year-old male DM1 patient was admitted to the cardiology ward following two episodes of syncope. Electrocardiographic telemonitoring detected asymptomatic episodes of sustained VT. Physical examination showed a blood pressure of 112/74 mmHg, and a heart rate of 82 b.p.m. He had normal heart sounds, with no S3 or S4, or murmurs; JVP was not elevated. The patient was independently ambulatory. He reported fatigue, weakness in the hands, and dysphagia. He had distal weakness and facial myotonia. The patient received an echocardiogram which showed global hypokinesis of the LV with an LVEF of 45% ( Table 1) . This patient also received a cardiac magnetic resonance imaging (MRI) study with gadolinium contrast showing normal biventricular volumes and atrial sizes, no hypertrophy, and a LVEF of 45%. 
Case 4
A 61-year-old male DM1 patient with a history of symptomatic bradycardia, and a dual-chamber pacemaker for secondary prophylaxis, was diagnosed with recurrent asymptomatic VT. ECG findings for this patient included first-degree atrioventricular (AV) block and LBBB ( Table 1) . A 48-h Holter monitor showed an atrial-paced rhythm and a 1% burden of premature ventricular contractions. During his regular pacemaker clinic visit, device interrogation revealed one episode of rapid VT at an average rate of 186 b.p.m., lasting 1 min and 49 s ( Figure 1B) . Physical examination showed a blood pressure of 107/69 mmHg, and a heart rate of 85 b.p.m. He had normal heart sounds, with no S3 or S4, or murmurs; JVP was not elevated. The patient was wheelchair-dependent. He showed distal myotonia, weakness, and muscle wasting. His echocardiogram showed mild global hypokinesis of the LV with an LVEF of 45%. A cardiac MRI study with gadolinium contrast showed normal biventricular volumes and atrial sizes, no hypertrophy, and a LVEF of 40%. The absence of LGE indicates that there was no myocardial scarring. His device was upgraded to a CRT-D device. Prior to the event, his medical therapy included candesartan 12 mg q.d., atorvastatin 10 mg q.d., and spironolactone 25 mg b.i.d. Bisoprolol 2.5 mg q.d. was initiated prior to hospital discharge. In his follow-up visits, 1 week and 2 months following his device upgrade, his condition was stable and device interrogation showed no recurrent VT.
Case 5
A 40-year old male diagnosed with DM1, permanent atrial fibrillation, and a DCM with an ejection fraction of 30-35% on echocardiography, received a single-chamber defibrillator for primary prophylaxis. Two years later, as a result of progressive AV block and predominantly RV pacing, he received a CRT-D device. In the following year, he had two separate episodes of VT, one of which resulted in an ICD shock. Physical examination showed a blood pressure of 109/70 mmHg, and a heart rate of 63 b.p.m. He had normal heart sounds, with no S3 or S4. A soft systolic murmur was detected at the apex. JVP was not elevated and he had mild peripheral oedema. The patient was independently ambulatory. He reported progressive difficulty in maintaining balance as well as dysphagia. He showed distal muscle weakness and mild myotonia. An echocardiogram showed moderate LV chamber dilation and global hypokinesis of the LV with a LVEF of 38% ( Table 1) . His initial medical therapy included warfarin 2 mg q.d., ramipril 2.5 mg q.d., and digoxin 0.125 mg q.d.; perindopril 2 mg q.d. and bisoprolol 7.5 mg q.d. were added prior to discharge. Given recurrent ventricular arrhythmias in this patient, he was initiated on amiodarone therapy at a dose of 200 mg q.d. In his most recent follow-up visit, 3.5 years following initiation of amiodarone therapy, device interrogation showed no recurrent VT.
Discussion
Our cohort is comprised of patients with a high burden of arrhythmias and conduction abnormalities including AV block, left anterior fascicular block, and LBBB; with a high prevalence of cardiomyopathy, and all five patients having reduced ejection fraction. However, four of the five patients in this study had mild cardiomyopathies with ejection fractions well above 35%, the recommended level for primary prophylaxis ICD insertion. 6 These results demonstrate that in patients with DM1, adverse cardiac electrical remodelling occurs prior to the progression to advanced cardiomyopathy. LV systolic dysfunction is likely primarily attributed to the LBBB and the associated electromechanical dysynchrony ( Table 1) . 7, 8 Cardiac MRI is useful to define the biventricular remodelling and dysfunction, and the location and degree of myocardial fibrosis in this patient population. Two of our patients who received cardiac MRI with gadolinium contrast did not show myocardial scarring (absence of LGE). The overall cohort of 56 DM1 patients had relatively preserved ejection fractions with a much lower prevalence of conduction abnormalities (Supplementary material online, Table S1 ).
Pacemaker device use in four of our five patients, prior to the detection of VT, were inserted in response to conduction disease and bradycardia associated with DM1, in accordance with clinical practice guidelines. 6 The development of VT is of considerable concern in DM1 patients, as demonstrated by our case series. One of the five patients in this study experienced cardiac arrest requiring resuscitation. Implantable cardioverter-defibrillator and appropriate medical therapy are crucial to prevent SCD in these patients. The implantation of pacemakers or ICD is particularly challenging in patients with myotonic dystrophy given the low skeletal muscle mass and respiratory involvement. Four of our five patients had a successful upgrade of their pacemakers to a CRT-D device without complications. A recent study tracking 1388 patients over a 12-year period reported an incidence of 2.3% (26 of 1388 patients) of sustained VT in patients with DM1. 3 The much higher prevalence of VT in our case series, at an incidence of 8.9% over four years (5 out of 56 patients) suggest that our cohort of contemporary DM1 patients had more advanced heart disease. As such, while it is important that we recognize the severe conduction abnormality, the potential of VT leading to SCD must be appropriately investigated and managed in patients with DM1. An electrophysiological study may be helpful to evaluate and direct the treatment of inducible ventricular arrhythmias and may play an important role in risk stratification of DM1 patients. 9, 10 Although our cohort size is modest, we continue to recruit myotonic dystrophy patients in our clinic, thereby expanding the size of our DM1 patient cohort.
Conclusions
Conduction system disease with progression to complete AV block is a well-recognized complication of several neuromuscular disorders, including myotonic dystrophy. The presence of conduction disease characterized by first-degree AV block and underlying LBBB suggest a key pathogenic role of electrical dysynchrony in mediating the cardiomyopathy associated with DM1. 11 In patients with DM1,
